ABSTRACT: Background: Longitudinal, patient-level data on resource use and costs after an ischemic stroke are lacking in Canada. The objectives of this analysis were to calculate costs for the first year post-stroke and determine the impact of disability on costs. Methodology: The Economic Burden of Ischemic Stroke (BURST) Study was a one-year prospective study with a cohort of ischemic stroke patients recruited at 12 Canadian stroke centres. Clinical history, disability, health preference and resource utilization information was collected at discharge, three months, six months and one year. Resources included direct medical costs (2009 CAN$) such as emergency services, hospitalizations, rehabilitation, physician services, diagnostics, medications, allied health professional services, homecare, medical/assistive devices, changes to residence and paid caregivers, as well as indirect costs. Results were stratified by disability measured at discharge using the modified Rankin Score (mRS): nondisabling stroke (mRS 0-2) and disabling stroke (mRS 3-5). Results: We enrolled 232 ischemic stroke patients (age 69.4 ± 15.4 years; 51.3% male) and 113 (48.7%) were disabled at hospital discharge. The average annual cost was $74,353; $107,883 for disabling strokes and $48,339 for non-disabling strokes. Conclusions: An average annual cost for ischemic stroke was calculated in which a disabling stroke was associated with a two-fold increase in costs compared to NDS. Costs during the hospitalization to three months phase were the highest contributor to the annual cost. A "back of the envelope" calculation using 38,000 stroke admissions and the average annual cost yields $2.8 billion as the burden of ischemic stroke.
Fifteen million people suffer from a stroke worldwide each year. Of these, five million die and another five million are permanently disabled 1 . The economic impact of stroke is substantial and the costs of stroke to society are high. The life time cost of stroke to society has been estimated to be $ 20.6 billion (1990) 6 . A review of economic studies shows a wide range of per-patient costs from $468 to $146,149 ($US) with few studies examining costs after hospital discharge 7 . Costs by severity of disease are critical to decision makers when evaluating new treatments. Although stroke is associated with a high economic burden, little is known about the link between costs and level of disability. The objectives of this analysis were to calculate costs in the first year post-stroke and determine the impact of disability on costs.
METHODOLOGY
The economic BURden of ischemic STroke (BURST) Study was a prospective cohort study of consecutive adults admitted with first-time ischemic stroke at 12 Canadian centres over a one-year time period between 2005 and 2009. Study sites included both academic stroke centres (66.7%) and community (33.3%) hospitals. The research ethics boards at all sites approved this study.
Included were consenting individuals aged 19 years or older with an incident ischemic stroke demonstrated on imaging and who were hospitalized for the event. Patients or caregivers had to be able to communicate well enough to complete study questionnaires verbally. Patients could participate in other noninterventional studies that did not impact resource utilization and had a defined study duration. Patients with co-morbidities such as cancer, dementia or multiple sclerosis were excluded since resource utilization as well as disability could be affected.
The BURST Study patients completed a study questionnaire (in English or French) at four different time periods: hospital discharge, three-months, six-months and one-year post-discharge.
Questionnaires were completed while in hospital, at outpatient clinic visits or by telephone with study site coordinators. The questionnaires were comprised of the patient's clinical history including age, gender, comorbidities and medication use, as well as standardized instruments such as the modified Rankin Score (mRS), Barthel Index and National Institutes of Health Stroke Scale (NIHSS) [8] [9] [10] . These instruments respectively measured level of disability, function and stroke severity, and all study stroke coordinators were certified to use the three instruments. BURST Study patients were categorized at discharge as having a non-disabling stroke (NDS); mRS 0-2 or disabling stroke (DS); mRS 3-5. Health preference and depression were also measured using standardized instruments 11, 12 . Resource utilization data was comprised of direct and indirect costs. Direct medical costs were associated with emergency services, hospitalizations, rehabilitation, physician services, diagnostics, medications, allied health professional services, homecare, medical/assistive devices, changes to residence and paid caregivers. Indirect costs were lost productivity and unpaid caregivers.
Analyses were conducted from a societal perspective. (Table  1) Resources and costs (2009 CAN$) associated with the direct and indirect care of ischemic stroke patients were included in the cost calculation. All resources utilized in the management of stroke were measured during four phases: (1) pre-admission; (2) hospitalization to three months; (3) four to six months; and (4) seven months to one year. Unit cost data were obtained from a number of published sources (Table 2) .
Medications prescribed upon discharge were costed based on the assumption that they would be continued for the entire one year period. Lost productivity was calculated for patients who reported working before their stroke. Paid and unpaid caregiver time was also calculated based on the average hourly wage reported by Statistics Canada 19 . Health and non-health professional wages were based on average hourly wages from the Labour Market Information website 17 . Descriptive statistics were used to characterize the dataset. The average overall cost for the ischemic stroke cohort was calculated, by disability and by the four time periods. 
RESULTS
Two hundred and thirty-two first-time ischemic stroke patients recruited from across the country were evaluated A . At six months, 21.6% of the enrolled population had dropped out of the study, ten due to death. At one year, more than half (55.6%) of the enrolled population were lost to follow up. The evaluated patient population (Table 3) consisted of slightly more men (51.3%) than women and the majority of patients had hypertension and hyperlipidemia. Tissue plasminogen activator (tPA) was given to 36 patients (15.5%). At hospital discharge, 48.7% of the cohort was considered disabled (mRS 3-5). Table 4 presents resource utilization data by phase.
The average overall cost of an ischemic stroke for the 1-year cohort was $74,353 (range: $7,525 to $330,258) (Figure 1) . The average cost during the pre-admission period was $1,882 ($757 to $6,937) (N=232). The average cost during the hospitalization to three months period was $40,624 ($2,235 to $202,265) (N=199). The average cost during the four to six months period was $12,367 ($0 to $66,426) (N=182). And the average cost during the seven months to one year period was $22,373 ($81 to $118,250) (N=103). The hospitalization to three months phase of stroke care represented 54.6% of the overall costs during the first year.
Figure 1 also highlights the impact that disability had on stroke costs. During the pre-admission period, average costs were relatively homogeneous when stratified by disability (DS=$1,852; NDS=$1,912). During the hospitalization to three months period, there was a three-fold higher average cost for the disabled cohort at $61,002 compared to the non-disabled cohort at $20,041. During the four to six months period, there was a two-fold higher average cost for the DS population ($17,433) over the NDS ($7,520) population. During the seven months to one year period, there was also a two-fold higher average cost for the DS group ($32,242) compared to the NDS ($14,716) group. Overall, the DS cohort at one year had a two-fold increase in average cost ($107,883) in comparison to the NDS cohort ($48,339). Figure 2 presents a series of four graphs with each graph showcasing a phase of the study. In the first phase (preadmission), emergency services and medications were the cost drivers. In the next phase (hospitalization to three months), hospitalization and rehabilitation costs, when combined, represented 80.8% of the total average cost for this time period. During the four to six months phase, indirect costs (58.3%) and rehabilitation (20.1%) were the major cost drivers. For the last phase, indirect costs (42.3%) remained the top cost driver followed closely by the combined costs of homecare and (paid) caregivers (34.7%).
DISCUSSION
This study is, to our knowledge, the first multicentre, prospective analysis of costs by stroke disability for ischemic stroke patients. The costs are substantial and predominantly driven by direct medical costs for the first six months. As time progresses, indirect costs represent the bulk of the economic burden. Based on 38,000 stroke admissions per year (personal communication, Mike Sharma), we can estimate the yearly economic burden of at least $2.8 billion for incident stroke alone. However, the total stroke burden would be significantly higher than this "back of the envelope" calculation since the ongoing costs of prevalent strokes, transient ischemic attacks (TIAs)/minor strokes treated in an outpatient setting, and subarachnoid hemorrhages need to be considered.
We show that a DS had a greater than two-fold increase in the average cost compared to a NDS. This finding has implications for outcome measurement in stroke intervention trials. In the past, the mRS has been treated as an ordinal scale and the interpretation of mRS scores and ranges has been the subject of a number publications [28] [29] [30] . We recommend that future costeffectiveness evaluations of new ischemic stroke therapies focus on mRS distributions.
Despite the influence of stroke disability on costs, preadmission costs for all levels of disability were generally similar. This likely reflects the standardized rapid assessment of stroke in the era of thrombolysis regardless of severity. The hospitalization to three months phase of stroke care represented 54.6% of the overall costs during the first year. The cost drivers in this phase, namely hospitalization and rehabilitation, were similar in scale to those reported in other cost of illness studies 31 . When comparing the DS and NDS groups in this phase, there was a three-fold increase in cost for DS patients compared to NDS, consistent with longer lengths of stay in hospital and greater rehabilitation requirements 32 . The BURST Study included costs associated with lost productivity and unpaid caregivers as part of the indirect costs which represented 28.0% of the overall one year cost of ischemic stroke. Lost productivity was valued only for patients who reported that they were working prior to their incident stroke (N=56) and afterwards either reduced their work hours or stopped working. If all patients aged 64 years and younger THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 796 (N=87) were assumed to not be able to work due to their stroke, this would have resulted in a lost productivity value of $36,198 per patient per year, increasing the average overall cost and making lost productivity a significant cost driver. In regards to unpaid caregiver costs, calculations were based on an average number of hours per day multiplied by the average hourly wage for Canadians for up to three unpaid caregivers. It was assumed that unpaid caregivers would assist BURST patients just in the last 30 days of the first three months phase due to the time spent in acute and rehabilitation institutes. In the remaining two phases (four to six months and seven months to one year), it was assumed that unpaid caregivers were available for the entire time period (90 days and 180 days, respectively). As a result, unpaid caregiver costs increased over time.
The annual stroke costs from the BURST Study are higher than those reported in three older Canadian studies. Chan and colleagues 5 conducted a prevalence based analysis to measure the cost of (all) strokes (1993 CAN$) in Ontario using 1994/95 administrative data. The estimated total cost of stroke in this cohort was $857 million (range $719 to $964 million). Direct costs were responsible for 62% of the total cost in whereas in the BURST Study, 72% of the $74,353 average annual cost was attributable to direct costs. Goeree and colleagues 32 determined the cost of stroke (including TIAs) at a single center over a oneyear time period. Using 2004 CAN$, the average annual costs for TIAs were $17,769, followed by $53,576 for ischemic strokes and $56,573 for hemorrhagic strokes. Smurawska and colleagues 33 retrospectively examined medical records of first ever acute stroke admissions to a tertiary care centre. Based on 285 consecutive stroke patients, the average cost per stroke admission was $27,500 (1991-1992 CAN$). However, this was before the introduction of thrombolytic therapy, and the analysis was limited to only the acute care hospitalization period. The BURST Study population was representative of the demographic distribution of ischemic stroke patients in hospitals participating in the Registry of the Canadian Stroke Network 34 . tPA utilization in BURST patients (15.5%) was also in line with a recent report on the quality of care published by the Canadian Stroke Network 35 . Use of discharge medications, namely antiplatelets, antihypertensives and antidiabetic drugs were representative of other studies and countries evaluating medication use post ischemic event 34, 36 . In regards to stroke prevention, The INTERSTROKE study found that 90% of strokes could be attributed to ten risk factors 37 . Controlling for these risk factors means that we could prevent 90% of strokes, leading to an important reduction in health system resources and costs to society.
LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES
Our study had a number of limitations. We could not directly measure the attributable cost of stroke because of the lack of a comparator group. However, since patients were enrolled during their hospitalization for their ischemic event, we could attribute preadmission and acute care costs to that event. In the two follow-up questionnaires (completed at six months and one year), patients were asked to report only resources attributed to their stroke. Secondly, the information collected was patientreported (or caregiver-reported in some cases) in which there could have been subject to recall bias or double-counting. Thirdly, the number of deaths could not be accurately reported due to the large number of patients lost to follow-up. Finally, the high proportion of patients lost to follow-up between six months THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 798 A Hospital admission was one of the BURST Study inclusion criteria so all 232 patients were first seen in the emergency department. However, only 172 (74.1%) patients were transported to the emergency department by ambulance. B Inpatient rehabilitation accounted for 88.9% of all rehabilitation during the hospitalization to 3-months phase. C Outpatient rehabilitation accounted for 75.4% of all rehabilitation during the 4-to 6-months phase. D Outpatient rehabilitation accounted for 86.7% of all rehabilitation during the 7-months to 1-year phase. and one year was due to the fact that not all sites participated in completing the one year questionnaire with patients.
Variable Results

Pre-admission phase (N=232)
CONCLUSIONS
This study highlights the importance of studying the economic impact of stroke management. The BURST Study calculated the average overall cost (direct and indirect) for a cohort of ischemic stroke patients for the first year after an ischemic stroke as $74,353 (2009 CAN$). Results showed that disability doubled the cost burden and cost drivers were identified by each phase over the one year time period.
Costs by severity of disease are critical to decision makers when evaluating new therapies. If the therapies decrease the severity of a stroke, not only will patient outcomes and functioning improve, but the overall cost of the condition will decrease, which should translate into more positive costeffective ratios.
